This paper investigates the impact of wiki-based activities on student participation and collaborative learning in a large postgraduate international management course. The wiki was used in this study as a facilitator for engagement and collaboration rather than a means of online discussions. Based on both qualitative and quantitative data, we find strong evidence that the use of the wiki facilitated student engagement and collaboration, both inside and outside the classroom. Moreover, student learning had significantly improved as a result of the enhanced learning environment.
Introduction
Student engagement is a key factor for learning and personal development. The idea is simple: the more students study or practice a subject, the more they tend to learn about it. Students can be engaged at different levels: with the teacher, faculty or University, with other students, and with their own learning. In this paper, we are interested in the impact of a new technology on student engagement with others (collaboration) and with their own learning (active learning). E-learning tools are now embedded in many courses and programmes, bringing new benefits and challenges to teaching. Our analysis is based on a case study as we investigate the introduction of wiki-based teaching and learning activities in a large postgraduate international management course. A wiki is a web communication and collaboration tool that can be used to engage students within a collaborative environment (Parker & Chao, 2007) . Our approach differs from previous empirical studies as the wiki was used here as a facilitator for student engagement and collaboration rather than a means of online discussions. The wiki was not used for direct online discussions but was rather used for submitting and reviewing group work (Mader, 2006) . Finally, the case study methodology used in this paper allowed us to triangulate our findings, ensuring the validity of our research. The data collected includes qualitative feedback from all participants (students, tutor and lecturer), wiki activity logs of individual students (number of wiki pages viewed and/or edited), as well as quantitative answers from multiple choice questions.
In the next section, we present the literature around wikis, collaborative learning and active learning. Section 3 develops the research questions, methodologies and methods used in this study. In section 4, we present our findings about the impact of wiki-based activities on student engagement and collaboration. Section 5 further discusses our results and outlines interesting unintended outcomes. Section 6 concludes.
Literature review
A large body of literature emphasizes the role of learning environment factors in enhancing student learning (Lizzio, Wilson, & Simons, 2002; Entwistle & Peterson, 2004; Schelfhout, Dochy, Janssens, Struyven, & Gielen, 2006) . In this study we are interested in two factors corresponding to student engagement with others (peer discussion or collaboration) and with their own learning (active environment). Empirical evidence shows that peer learning allows for more interactivity, motivation and engagement from students (Goldschmid & Goldschmid, 1976; Gibbs & Jenkins, 1992; Topping, 1996; Tang, 1998) . The potential of collaborative learning groups has been largely supported by the pedagogic literature (Dillenbourg, Baker, Blaye, & O'Malley, 1995; Dillenbourg, 1999) , drawing on various theories of learning such as knowledge creation, knowledge building, group cognition and activity theory. Similarly, there is evidence that active learning, student-centered approaches to teaching work, and work better than more passive approaches (Bonwell, Eison, & Education, 1991; Michael, 2006; Jie, 2009 ).
Social software applications, i.e., technologies that support people in communicating, interacting, and collaborating in large communities, provide new opportunities for knowledge building and collaborative learning (Dohn, 2009; Collins & Halverson, 2010; Schroeder, Minocha, & Schneider, 2010) . Such pedagogical opportunities have been largely emphasized in the context of wikis (Cress & Kimmerle, 2008; Wheeler, 2009) . Wikis provide new and simple ways for a web-based collaboration and authoring and have been used as e-learning environments in schools and higher education (Leuf & Cunningham, 2001; Bruns & Humphreys, 2005; Richardson, 2008) . They allow the implementation of a truly blended learning process, i.e., a "feedback-driven process" (Cubric, 2007b) .
Previous evidence suggests that e-learning approaches are particularly well suited for teaching and learning in the management education area (Arbaugh & Duray, 2002; Brower, 2003; Marks, Sibley, & Arbaugh, 2005; Allan, 2007; Burridge & Öztel, 2008) . Indeed e-learning tools are reported to improve communication skills which are recognized to be an important employability factor in management. Students themselves perceive the benefits of e-learning in social science education (Marsh, Pountney, & Prigg, 2008) . For instance, students in international management courses recognize online learning as a platform to share and exchange their academic and life experiences (Pimpa, 2011) . Cress and Kimmerle (2008) develop a theoretical framework for collaborative knowledge building with wikis: the co-evolution model. According to this model, one person's individual knowledge can serve as a resource for the learning of others. Wikis facilitate student learning by engaging them in an asynchronous way (Elgort, Toland, & Smith, 2008) , allowing for future review (Brack & Van Damme, 2010) , overcoming the challenges of large class sizes and limited face-to-face time (Brack & Van Damme, 2010) , and providing flexibility for students with conflicting timetables and other commitments (Arbaugh & Duray, 2002; Marks et al., 2005; Carr, 2012) . A recent study shows that wikis are a useful tool to facilitate collaborative blended learning among postgraduate students (Hulbert- Williams, 2010 ).
There are nonetheless several challenges with designing wiki-based teaching and learning activities that need to be taken into consideration. For instance, some students do not feel comfortable working in groups or feel confused about what is required of them (Wheeler, Yeomans, & Wheeler, 2008; Hulbert-Williams, 2010) .
Research question and methodology

Research question and intended outcomes
The main research question of this study is: "How can the use of new technologies such as wikis facilitate student engagement and collaboration in a large postgraduate course?" This research question can be investigated through both direct and indirect intended outcomes. Firstly, the use of the wiki should have a direct impact on students, as it should facilitate their preparation for seminars, their participation during seminars and their collaboration out-of-class. Secondly, the use of the wiki should indirectly improve their learning environment (especially the active environment and peer discussion factors) and ultimately improve their learning of discipline-specific outcomes and transferable skills.
Case study methodology
In order to address these issues, our paper follows a case study approach (Yin, 2008) . One main advantage of the case study methodology is that a complex case can be investigated in its natural context combining different research methods. This allows examining the case from various angles and ensuring the validity of the findings through triangulation.
The research participants were 76 postgraduate students from an international management module. Students came from three different Masters programmes: 18 in Economics & Finance (24%), 28 in International Management (37%), and 30 in Management (39%). More than half of the students were female and Asian. Between February and May 2012, students attended 11 weekly lectures and 10 weekly seminars (3 groups of 25-26 students). The assessment for this module was 20% inclass test and 80% final exam. The exam included an essay question and several exercises requiring calculations and/or discussion. The intended learning outcomes of this specific course were detailed in the unit template available to all students. For the purpose of this study, we also identified 5 generic graduate attributes (GGAs) relevant for the course. These skills, accredited by the Centre in Business Management Accountancy and Finance from the Higher Education Academy, are the following: GGA1: Ability to discuss the role and operation of financial institutions GGA2: Ability to apply major theories of finance to solving theoretical and practical problems GGA3: Competence in using computers and information technology effectively GGA4: Competence in critical thinking GGA5: Ability and desire to learn for oneself and improve self-awareness and performance
These GGAs, as well as the aim of the project, were presented to students at the beginning of the semester. Finally, all teaching material (lecture notes, readings, lecture capture, etc.) was available on Moodle, the virtual learning environment at the University.
Designing wiki-based activities
The selected teaching and learning activity for this study was weekly problem-solving exercises in teams of 4 or 5 students. The innovation was that students had to enter their collaborative answer on the wiki before each seminar. Since seminar groups were quite large (25 students), and because seminars happened only once a week in a very formal context, the role of the technology was to enable students to prepare and participate during their own time. The wiki was thus used as a facilitator for student engagement and collaboration rather than as a means of online discussion. Students did not discuss directly via the wiki, although they could use various technologies (e.g. instant messaging) as online discussion tools rather than meeting physically.
Individual wiki pages were created for each team in each seminar group. There were a total of 15 teams across 3 seminar groups. We designed wiki-activities in the form of visible groups, implying that students could only edit the wiki of their own team but were able to view the wikis of all teams. Thus the wiki allowed transparency and peer learning, as activities were shared across seminar groups, and students were able to review the activity (and subsequent feedback) at any time. Following Cubric (2007a) and Laru, Näykki, and Järvelä (2012) , we implemented the following process for the weekly wiki-activities:
1. After the lecture, the lecturer published weekly tasks on the wiki. 2. Students collaborated and added team contributions to the wiki. 3. The tutor could review the contributions before the seminar and orientate group discussions accordingly, giving feedback where appropriate. 4. Students could review contributions (from their own team and/or from other teams/groups) during their own time and amend the wiki if necessary. 5. The lecturer could review wiki contributions and provide general feedback; the feedback was used to re-shape the next lecture.
This lesson planning was consistent with the Castle-top model (Fink, 2003) , alternating in-class and out-of-class activities and discussions. The idea of weekly tasks has been used to support structured dialogue (Gravett & Petersen, 2002) amongst students and between students and tutors. Between 2 and 3 wiki tasks were designed for each seminar (10 topics and 23 wiki tasks in total). A task could include the following activities: add a definition; add a literature review (journal articles, books, websites, etc.); solve a numerical problem; contribute to the collaborative topic analysis; complete practical exercise; etc. Two examples of wiki tasks we designed are presented in Appendix. wiki tasks per topic. These wiki tasks had several advantages: They were participatory, favouring active learning (Bonwell et al., 1991; Michael, 2006) ; authentic, allowing students to develop a particular skill by solving problems as realistically as possible (Kolb, 1984; Herrington, Reeves, Oliver, & Woo, 2004) ; and andragogic, allowing students to be independent learners (Herod & Brandon, 2003) . Thus by experiencing these activities, students were able to develop the intended GGAs.
In order to facilitate the use of the wiki, an effective induction was essential (Clark, 2001; Salmon, 2002; HEFCE, 2009; Hulbert-Williams, 2010; Pimpa, 2011) . Once students were introduced to the e-learning project during the first lecture, the Moodle wiki was explained to them during the first seminar by a member of the e-learning team at the University, who was acting as e-moderator, i.e., her role was to ensure user access and encouragement. During this 30-minute induction, students had to work on a simple task in order to familiarize themselves with the wiki and become confident using it. Indeed the activity at this stage needs to "provide a gentle but interesting introduction to using the technological platform" (Salmon, 2002) . Students had to work in teams and edit the wiki as a team; thus encouraging collaboration at an early stage. A manual on how to use the wiki was also made available on Moodle, in case students had any problem with accessing, editing or reviewing wiki pages. The lecturer also uploaded clear instructions about the weekly wiki-based tasks directly onto the Moodle course front page so that students were able to refer to them at any time. During the second lecture, students were given feedback on the wiki induction task as a way to encourage them (step 1 of Salmon's model) and to provide bridges between sociocultural and learning environments (step 2). The goal was to demonstrate to students the wiki's ease of use to review answers and to share information.
Both the lecturer and the seminar tutor were actively involved in the study, acting as co-moderators and co-monitors. They had a key role in stimulating and facilitating the use of the technology, reviewing students' contributions in the wiki-based tasks and providing them with feedback during lectures and seminars. The role of the lecturer was also to set up the e-learning activity and design weekly online tasks. The e-learning team at the University was also involved for student induction and support.
Research methods
By combining both qualitative and quantitative data collected via multiple methods and sources, we were able to triangulate our results, ensuring the validity of our case study research. Our evaluation was based on student surveys, tutor's feedback, Moodle logs and the lecturer's personal notes. Moreover this evaluation took place at different points in time (beginning, mid and end of semester), allowing for the opportunity to provide feedback to students after the in-class test.
For the main data collection, we designed an online survey (using Google Documents) allowing collecting both quantitative and qualitative student feedback. The survey covered questions about the development of selected GGAs and the learning environment factors contributing to this development; the level of involvement (participation, preparation and collaboration) in seminars; the level of engagement and collaboration during lectures; and specific questions about peer interaction. As our intention was to encourage all students to participate in the activity, the use of an online survey (with a direct link on Moodle) seemed the most suitable data collection method for this project and targeted all 76 students. One limitation of this method was its lack of flexibility and adaptability compared to faceto-face meetings.
The survey was distributed to students once at the beginning of the semester (during the first seminar) and once at the end of the semester (during the last lecture). The second survey differed slightly from the first one, including extra questions about the specific impact of the wiki-activities. Both surveys are available from the authors upon request. To ensure a high response rate, students were asked to fill in the surveys in-class. They were asked in advance to bring their personal laptops or other devices to connect onto Moodle via the University's Wi-Fi network. The hard-copy equivalent of the surveys was also available for students who could not fill in the survey online. Overall, 57 students completed the first survey (75% response rate), out of which 21% Economics & Finance, 40% International Management and 39% Management; and 40 students filled in the second survey (53% response rate), out of which 35% Economics & Finance, 20% International Management and 45% Management. The smaller number of respondents for the second survey was mainly due to the fact that many students did not attend the last lecture. This may have various causes, e.g. they were busy with coursework deadlines in other modules or because the content of the lecture was not part of the exam. In addition, many Economics students registered late to the course and did not attend the first seminar; thus they did not have the chance to fill the first survey. This explains the higher proportion of Economics students for the second survey compared to the first one.
For the first survey, all 57 students answered online, whereas only half of the respondents answered the second survey online. In the latter case, all hard-copy questionnaires were transcribed into Google Docs in order to produce a comprehensive summary of responses. From these 2 surveys, we were able to produce statistics using the quantitative data; and we transcribed and classified all qualitative data.
The data was complemented with wiki activity logs on Moodle, including students' individual logs up to the in-class test (half-way through the semester). This data allowed us to perform a mid-term evaluation of the wiki-activities, comparing the use/editing of the wiki with individual performances during the in-class test. We compared the test results with multiple variables using a regression analysis as follows:
Where: Y = individual in-class test mark;  0 = constant term capturing the impact of omitted variables; ED = number of wiki tasks edited per student; VW = number of wiki tasks viewed per student; TM = timing of first viewing, i.e., number of days between the first wiki view and the in-class test; PR = student's programme of studies (Economics, International Management or Management);  = error term (white noise).
Finally, tutor feedback and lecturer's personal notes were collected and classified. For all participants, strict ethical procedures were adopted, including informed consent and anonymity.
Findings
Overall, the introduction of wiki tasks increased student learning, engagement and collaboration, not only during seminars but also during lectures and out-of-class.
Preliminary analysis regarding students' engagement in the wiki
Students were really involved at the beginning of the process, probably because of the novelty factor and the induction process. This is consistent with previous findings showing that international business students actively engaged in the online activities when they could see the link between these activities and the learning objectives (Pimpa, 2011) . Students were very enthusiastic about the wiki and they all participated in the wiki induction task. For the first few weeks, all teams were answering the wiki tasks before each seminar. However engagement decreased throughout the semester (see Table 1 ). For the last wiki tasks (Lecture 10), none of the 15 teams edited the wikis.
[
INSERT TABLE 1]
One problem was that the wiki-activities were not assessed. Another difficulty was that wiki questions were more and more challenging, as the lecturer was introducing discussion questions (essay type) where students had to demonstrate some level of critical thinking.
In order to identify any pattern in the editing of wiki pages, we collected and analysed wikis' activity history. Interestingly, each team developed a different strategy in editing the wikis. In 2 teams out of 15, there was only one student entering the answer for all tasks. In 5 teams, one student was designated to edit the 2 or 3 wiki tasks for a particular week; thus all team members contributed to the wiki in turn. In 2 other teams, students also contributed individually in turn but more randomly. In the remaining 6 teams, students contributed individually or in pair/trio in a randomly fashion.
Mid-term evaluation
In order to give formative feedback to students on this project, a mid-term evaluation of the wiki-activities was performed, linking individual performances during the inclass test with the use/editing of the wiki as shown in equation (1).
For the in-class test, students had to revise 10 different wiki tasks, including 2 examrelated tasks. Exam-related tasks were wiki-based activities on the same topic and of the same format as questions asked in the test. In total, 10 wiki tasks with answers from 15 teams implied a number of 150 wiki pages to view for the in-class test (if students were to review answers from all teams). Two alternative proxies for ED were tested in the analysis: the number of exam-related tasks edited, and the total number of tasks edited. Both variables were highly correlated (0.75) so only the number of exam-related tasks edited per student was kept in our model.
Overall, 70% of students edited a wiki task at least once. The total number of wiki page views per student varied from 17 to 609, meaning that many students viewed the same answers several times. Regarding the timing of the viewings, students started to review wiki pages on 17 th February (corresponding to the second week of teaching) and continuously reviewed pages up to few minutes before the test on 16 th March. Results from the regression analysis are reported in Table 3 and can be summarized as follows. Firstly, the programme of studies ( 4 ) did not have any significant impact on the grade, as on average students from Economics, International Management and Management scored the same. Secondly, the in-class test mark was positively impacted by all 3 other variables: the number of exam-related tasks edited ( 1 ) had a significant impact (but not the total number of tasks edited); the total number of wiki page views ( 2 ) also had a significant impact; and the timing of wiki pages' viewing ( 3 ) had a strong significant impact (i.e., the earlier the better). It is worth noting that the constant ( 0 ) was also statistically (and economically) significant, meaning that there might be other variables explaining the cross-sectional difference in marks (Green, 2011) .
[ INSERT TABLE 3] The lecturer discussed these results with students few weeks after the in-class test, giving them feedback and recommendations about the use of the wiki.
Direct impact of the wiki-activities on student engagement and collaboration
All findings in this section are based on the online surveys, gathering both qualitative and quantitative data, as well as tutor's and lecturer's feedback. Multiple choice questions (MCQ) were usually answered by all respondents, which was not the case for qualitative (open) questions. In that case, percentages of responses are given relative to the number of respondents for each question (this number varies from 15 to 29). Overall, students recognized that the wiki-activities had a positive impact on their learning over and above a more traditional way of preparing for seminars.
Our first main result is the positive impact of the wiki on student engagement before/during seminars. To the question "How did the various wiki activities impact on your level of participation in seminars?" students emphasized not only the impact on participation but also the effect on preparation. Regarding their level of participation, 9 students (45%) emphasized the positive role of the wiki-activities:
It had a tremendous impact on my participation. The wikis were very interesting. I would participate more as I had a greater understanding of the topic.
Regarding their level of preparation for seminars, 5 students (25%) wrote that the wiki-activities had a positive impact:
Provide incentives to prepare questions. To do questions of wikis advance my study in the seminars.
In a MCQ, half of the students would have spent less time preparing seminar questions if they did not have to complete the wiki tasks. This corroborates the tutor's comment that students arrived well prepared to seminars, which is also consistent with previous findings showing that students were better prepared during face-to-face sessions (HEFCE, 2009).
Few students also recognized the positive link between preparing questions in advance and participating during seminars:
Different kinds of activities encourage me to answer questions and participate in seminars every week. Wiki activities encouraged me to complete the tasks so I was able to participate actively in seminars. When I had done the wikis I felt better prepared in seminars and participated more.
The seminar tutor confirmed that, by preparing wiki tasks in advance, students could ask more questions related to the problems they encountered. The use of different wiki tasks for each group allowed students to cover more questions on each topic, allowing them to practice more.
It helps me to prepare before the class, revise the topic so that I can gain more from the seminar.
Only 2 students did not acknowledge any impact of the wiki on their participation:
I consider seminars really important and both in the case of wikis and the case of normal seminar format I would participate in the same level.
Our second important result is the positive impact of the wiki on student collaboration. In the MCQ, 65% of students would have spent less time discussing seminar questions if they did not have to complete the wiki tasks. The wiki-activities facilitated collaboration not only during seminars but also during lectures and out-ofclass. Firstly, the seminar tutor recognized that the introduction of wiki tasks improved the quantity and quality of discussions during seminars, i.e., he could effectively focus on students' problems and increase collaboration. Secondly, the activity also increased collaboration during lectures, as 53% of students regularly discussed problems with other students in the lectures (versus 28% before).
To the question "How did the various wiki activities impact on your level of interaction with other students?" 10 students (2/3) acknowledged the fact that the wiki-activities increased their chance to communicate with classmates out-of-class. Even though their interaction was mainly focused on their team's members, they could extend their discussions to other topics beyond the wiki task:
I interacted more with students because we had to communicate about the wikis.
Increase the chance to communicate with other classmates who are not in the same programme with me. It gives me more chance to discuss the topic; otherwise we can only discuss during the class. We become closer and also tend to discuss other topics after class. We often change opinions and distribute tasks for the wiki.
However 5 students (1/3) felt that their level of interaction was not impacted by the wiki-activities:
No impact. Almost the same.
Indirect impact of the wiki-activities on the environment and learning of students
As emphasized above, the wiki encouraged students to prepare questions in advance, to engage during seminars and to discuss with other students, thus creating a motivating environment. This is consistent with previous evidence showing that students were motivated by wiki tasks (Hulbert-Williams, 2010):
Group aspect also acted as a motivator to work on wikis.
Most importantly, the introduction of wiki-based tasks improved the two learning environment factors targeted in this paper: active environment and peer discussion. Firstly, the advantage of "learning by doing" was recognized by students as valuable for thinking and practicing:
It helped in learning and mostly it helped in regular practice which finance is all about. The more I tried, the more I learn! Through the practice, I will discover something that I thought I know, but in fact, I don't know clear enough! It is better because I can have critical thinking during the class instead of just receiving knowledge.
From the MCQ, 44% of students recognized that the active environment created by the use of the wiki helped them develop both discipline-related GGAs (GGA1 and GGA2), and 42% realized that the questioning environment helped them develop their critical thinking (GGA4).
Secondly, students could review answers from other teams (and acknowledge differences of opinion and thinking process) and practice with questions from other seminar groups (sometimes questions were different across seminar groups). These advantages, consistent with previous findings (Brack & Van Damme, 2010) , were emphasized both by the tutor and by students:
We can see other fellows' understanding about the seminars. Wiki can do more questions, because every group has different questions.
And every group has a little bit different answer with same question, which can make think and discuss more.
Thirdly, teamwork and discussions were encouraged:
Group interaction was encouraged. It is easy to find out the answer and get to know others' knowledge related to the topic.
Again this result is in line with existing studies showing that wikis facilitate collaborative learning (Cress & Kimmerle, 2008; Elgort et al., 2008; Brack & Van Damme, 2010; Carr, 2012) . Overall, 42% of students in the MCQ recognized that peer learning helped them develop their competence in critical thinking.
This e-learning environment was also recognized by many students to have helped them develop not only their competence in IT, i.e., GGA3 (72%), but also their ability to discuss the role and operation of financial institutions, i.e., GGA1 (44%).
Beyond this enhanced learning environment, the use of the wiki ultimately improved student learning of discipline-specific outcomes and transferable skills. From the MCQ, 98% of students recognized that preparing seminar questions in advance helped them learn more about the topic, and 86% considered that discussing with other students had a similar impact. Moreover, 75% of students who edited the wiki believed that it also helped them learn more about the topic.
In the surveys, students had to rate their level of proficiency from low (1) to high (5) in each of the selected GGAs. As shown in Figure 1 , the number of students achieving a high level of proficiency significantly increased for all GGAs during the semester, especially for the discipline-related GGAs (1 and 2).
[ INSERT FIGURE 1] Overall, these results are evidence that the wiki-activities contributed to student learning (and achievement) of specific GGAs. Thus our findings show strong support for our research question. The wiki-based activities were effective in improving student engagement and collaboration, both in class and out-of-class, and thus facilitated the achievement of the module learning outcomes.
Discussions
Unintended outcomes
Based on this project and previous literature, we identified several benefits of using a wiki for student learning. Firstly, the introduction of the wiki increased student participation and engagement in reflective activity through an improved learning environment. In addition to the learning environment factors discussed above, some students valued the fact that the wiki-activity was "eco-friendly", "saving paper and money". In addition, 10 students invoked the ease of access and convenience as a valuable advantage of the wiki. The wiki was recognized to be an interactive tool, allowing more flexibility and easier communication among team members:
More interactive and very easily accessible. Students can communicate with each other more easily and flexibly.
Consistently, the MCQ showed that half of the students prepared wiki tasks by discussing with their team members online, whereas only 23% met physically. For those who were discussing online, instant messaging was the most popular means of communication (64% of them used MSN Messenger or Skype). This flexibility and convenience of wikis has been previously acknowledged by students with conflicting timetables and other commitments (Arbaugh & Duray, 2002; Marks et al., 2005; Carr, 2012) . More particularly, postgraduate students appreciate the fact that they can access online materials from anywhere (Allan, 2007; Schedlitzki, Young, & Moule, 2011) . Students in our study also emphasized the enjoyability of the wiki, consistent with previous literature (Hulbert -Williams, 2010 ):
The unit is very modern and uses very nice tools such as seminars, video recording, wikis. Everybody in the team can do contributions and it adds more fun! Secondly, the wiki is a suitable tool for the development of non-cognitive skills that are increasingly required by employers, such as giving and receiving feedback, working towards consensus, etc. Thirdly, the wiki-activity offers an opportunity for two categories of blended learning (Sharpe, Benfield, Roberts, & Francis, 2006) : blended technology (wiki) and blended direction (student-led and autonomous learning). Finally, the wiki provides a record of discussions/answers and acts as an aid for revision, consistent with existing studies (HEFCE, 2009; Brack & Van Damme, 2010) .
However the wiki-activities as we designed them come with some limitations and challenges. Firstly, students had to review too many wiki pages if they were to read answers from all 15 teams for all weekly tasks (e.g. they had to read 150 wiki pages for the mid-term exam only). Secondly, when using a new technology with students, we emphasized the importance of clear, outcome-aligned, instructions on expected output (Hulbert-Williams, 2010; Pimpa, 2011) . Students need frequent and qualitative feedback from the tutor/lecturer, and a clear underlying learning/teaching process. Finally, by the end of the semester students were less active on the wikis, i.e., some groups did not upload anymore answers for the weekly tasks. Such voluntary disengagement with e-learning tools has been previously emphasized in the literature (Smart & Holyfield, 2004; Orton-Johnson, 2009; Schedlitzki et al., 2011) .
Another (unintended) outcome is worth mentioning. The introduction of wiki-based activities helped reducing cultural differences among students, by taking into account the particular classroom behaviour of Asian students. Indeed, there is evidence that East Asian students have a very different culture of learning and communication compared to West European students (Wang, 2006; Hall & Sung, 2009 ). For instance, Asian students are reluctant to display critical thinking in study and to participate in group work. They also appear to be less proactive than Western students in using online learning tools in business education (Nakamura, 2002; Wang, 2006) . Thus, by structuring the wiki-based activities in a way that encouraged group work and equal participation, we were able to facilitate engagement and collaboration of even more Asian students. This is consistent with Pimpa (2011) who shows that foreign students found online resources extremely helpful for their learning experiences and thinking process.
Considerations for lecturers and departments
Several recommendations have been drawn from this project, as well as from previous studies (Clark, 2001; Garrison & Kanuka, 2004; Cubric, 2007b Cubric, , 2007a Barnatt, 2009; Hall & Sung, 2009; HEFCE, 2009; Hulbert-Williams, 2010; Pimpa, 2011) .
One main challenge is that the wiki-activities were not formally assessed, thus impacting on students' motivation and engagement. It would be most beneficial to use this wiki-activity as embedded formative assessment, although as currently designed it does not allow monitoring the contribution of each team member and the level of collaboration within each team.
Another challenge not addressed in this study was the absence of formal training of the seminar tutor. This aspect of the project was neglected and our results would have benefited from a proper training of the tutor in using the wiki, efficiently reviewing students' contributions and giving relevant feedback during seminars, further facilitating student discussions.
Apart from the mid-term evaluation and feedback, some students commented on the lack of feedback on the wiki tasks, especially because they had to review a lot of different entries from other teams and they did not know which answers were correct, or better than others. They thus suggested that the lecturer uploaded answers after each seminar, or at least flagged the right/best answer from all teams' answers:
If the lecturer posted all the correct answers for each wiki explaining the steps, it would make the wikis better. Make sure which group's answer is right, which one is not, and give feedback.
Beyond the use of wikis or other e-learning tools at the individual course level, there is a need for higher education institutions to adopt a new mentality for resource coupling and resource sharing (Barnatt, 2009 ). In their seminal paper, Garrison and Kanuka (2004) discuss all the challenges faced by the leaders and academic faculty of higher education institutions when adopting a blended learning approach. Among others, they invoke the necessity of financial, human and technical resources, as well as the need for student and faculty support.
Conclusion
Based on both qualitative and quantitative data, our findings show evidence of a strong and positive impact of the wiki on the learning environment of students. In the context of a large postgraduate management course, the wiki effectively acted as a facilitator for student engagement and collaboration, both in-class and out-of-class. Students recognized the positive impact of the wiki on their preparation for seminars, their engagement in problem-solving activities and classroom discussions, and their collaborative learning. Overall, they recognized that the wiki-activities had a positive impact on their learning over and above a more traditional way of preparing for seminars. Feedback from the tutor and the lecturer corroborate these results. Ultimately, the learning of discipline-specific outcomes and transferable skills has been achieved and the wiki-activities contributed to this outcome.
Practically, our case study findings can easily be generalised through deduction and abduction. A deductive generalisation is drawn from a hypothesis and facts to the validation of a theory (Yin, 2008) . Since our research question has been validated, we find empirical support for the co-evolution model of Cress and Kimmerle (2008) , i.e., the development of collaborative knowledge building with wikis. More generally, we find support for the idea that the development of an e-learning activity can significantly enhance student engagement and learning outcomes (Hazari, North, & Moreland, 2009; Williams & Chinn, 2009) . Another kind of generalisation, based on abduction, is made from known cases and applied to an actual problem situation by making appropriate comparisons (Johansson, 2003) . This procedure was used in this project when comparing our particular setting (a large postgraduate management class with a clear lack of engagement and collaboration in seminars) with existing studies. Thus we are confident that our conclusions can be generalized to other postgraduate business courses where lecturers are looking for new and innovative ways to engage more students in preparing for seminars and to facilitate collaborative knowledge building.
As discussed earlier, there are both advantages and challenges in using wikis for student learning and our paper offers few recommendations in order to improve the effectiveness of wiki-based learning activities. Our study helps understand the role of new technologies in improving the learning environment of students, as well as the importance of sufficient resources and commitment at the institutional level. More generally, this paper contributes to the challenging strand of research exploring the impact of blended learning in achieving more meaningful learning experiences (Garrison & Kanuka, 2004) . n = 76; p-values in brackets: * = significant at the 10% level; ** = significant at the 5% level; *** = significant at the 1% level In this Appendix, we present two wiki-based tasks. The first task is called "Small question -Lecture 1" and provides different questions for each seminar group. This task is typical as similar small questions were asked for each seminar every week. Questions for seminar groups A and B are reported below.
Seminar A: Seminar B:
In each group there are 6 teams, and student answers can be accessed by clicking on each team's name. Typically, the seminar tutor would read all answers before the seminar and give feedback in-class and out-of-class. The smiley face next to a team's name corresponds to feedback from the seminar tutor as she flagged the best answers for students' future review.
The second task is called "Hedging a payable" and is based on a past exam paper question. The screen print of the task is reported below. This exercise was the same for all seminar groups and allowed students to practice for the final exam. In addition to usual feedback from the seminar tutor, the lecturer subsequently used this wikibased task to provide further feedback during a revision session.
